The rotational spectrum of 168 Yb is calculated diagonalizing different effective interactions within the basis of unperturbed rotational bands provided by the cranked shell model. A transition between order and chaos taking place in the energy region between 1 and 2 MeV above the yrast line is observed, associated with the onset of rotational damping. It can be related to the higher multipole components of the force acting among the unperturbed rotational bands.
While the phenomenon of chaos is associated with a well defined behaviour of classical systems which can be quantified mathematically in terms of Poincaré maps and Ljapunov exponents, the proper definition of quantal chaos is still a debated question. The standard conjecture used in characterizing the phenomenon states that the fluctuations of generic quantum systems, which in the classical limit are fully chaotic, coincide with those of the gaussian orthogonal ensemble (GOE) [1] . The words "fluctuation properties" refer to both level spacing and amplitudes. As a rule, mean values of quantal many-body systems in general, and of the atomic nucleus in particular, do depend on the dynamics of the system, that is, on the detailed properties of the Hamiltonian. On the other hand, the fluctuations of the observables about their mean values are governed by chaos and by the associated GOE stochasticity. A basic question which still remains open is a proper identification of the microscopic basis for this behaviour of many-body systems.
In the present paper we shall attempt at shading some light on this issue, through the study of the damping of nuclear rotational motion, as a function of the excitation energy (cf. Ref. [2] and refs. therein). For this purpose we shall study the spectral and strength fluctuation properties [3, 4] associated with the results obtained by diagonalizing effective two-body interactions in the basis set of unperturbed rotational bands. It will be concluded that the model in fact gives rise to chaotic behaviour, and that the high multipolarities of the interaction are responsible for it. Before proceeding further, we point out that in the following we shall only consider the information about rotational damping connected with single decays at moderate excitation energies above the yrast. In other words, questions associated with γ − γ correlation and with motional narrowing [5, 6] will not be addressed.
The usual starting point of a microscopic description of the nuclear spectrum is the shell model, where the nucleons move independently of each other in an average potential. In fact, the mean field is the organizing element of the variety of single-particle and collective motion typical of the nuclear response. Within this spirit, and assuming that the rotation of the nucleus as a whole can be described in terms of a classical external field, the cranked shell model [7] provides a convenient basis for a detailed description of nuclear rotations as well as of rotational damping [5] . To be quantitative, a two-body residual interaction has to be diagonalized in the basis of unperturbed rotational bands as a function of the rotational frequency. Most of the residual interaction which describes 2 behaviour which goes beyond the independent-particle model acts at the nuclear surface.
In other words, the nucleons move independently in the interior of the nucleus and collide only when they are in the surface region. Of course, there are also correlations in nuclear matter due to the short-range repulsion in the nucleon-nucleon interaction. However, these correlations are nearly state-independent and can be neglected at low energies. Among the possible interactions the pairing and quadrupole model has been quite successful in accounting for many systematic features of nuclear levels [8] . If one is interested not only in the quadrupole but also in the octupole and eventually hexadecapole response of the system, one should also take into account the associated multipole-multipole forces in the Hamiltonian. It might seem that such an approximation is far too crude to be useful.
It turns out that in linear response theory, most of the interaction between particles is irrelevant to the motion. The only important part is that which produces an internal field with the same symmetry as the external field exciting the motion. Thus, one writes the interaction as a sum of multipole-multipole terms, and the only ones of importance would be the terms with the correct multipolarity.
The simplest force which is both surface peaked and reproduces the results of the multipole-multipole interaction is the surface-delta interaction (SDI) [9] 
The sum in (1) is, apart from a constant, a delta function in the angle between r 1 and r 2 . The coupling constant can be determined from self-consistent conditions relating the density and the potential. These conditions are valid only for those multipolarities producing waves with a wavelength larger than the average distance between nucleons, that is,
For medium heavy nuclei one then obtains λ ≤ 5.
This condition is equivalent to the Debye frequency cut-off condition in the wavelength associated with phonons in a lattice, and implies that the potential and the density follow each other only for wavelengths at which the many-body system reacts as a continuum medium. For higher multipolarities (shorter wavelengths) the motion of the particles will hardly give rise to a dynamic mean field effect.
Consequently, one expects that the matrix elements associated with the scattering of pairs of nucleons through the low-multipole components of the force will be dominant 3 selectively for the pairs with large spacial overlap. On the other hand, the selection rules should be washed out in collisions proceeding through the high-multipole components of the interaction. A confirmation of this expected behaviour is provided by Fig. 1 The consequences of the differences observed between the SDI and the pairing plus quadrupole matrix elements in the rigidity of the spectrum as measured by the ∆ 3 statistics, as well as in the normalized strength distribution of stretched E2 transitions are very conspicuous, as shown in Fig. 2 . For the sake of fair comparison, we used in this calculation a pairing and quadrupole force whose strength (a factor 1.5 larger than the one shown in Fig.1) gives the same root-mean-square value of the off-diagonal matrix elements as that of SDI. Already at excitation energies of a couple of MeV above the yrast line the SDI results for ∆ 3 and for the B(E2) strength distribution resemble closely a Wigner surmise and a Porter-Thomas distribution respectively. A strong deviation from these limits is found in the case of the pairing plus quadrupole model. These results indicate that the high multipole terms [11] contained in the SDI have considerably less selectivity than the lowest multipole terms common for the SDI and for the pairing plus quadrupole interaction, allowing the unperturbed rotational bands to interact more democratically, 4 irrespective of the participating single-particle orbits involved.
For excitation energies below 1 MeV above the yrast line, the B(E2) transitions essentially populate a single state, and one can speak about a region of discrete spectroscopy.
Defining discrete band transitions as carrying more than 71 % of the total B(E2) strength, the model predicts the presence of about 36 rotational bands consistent with the number of 30 reported in the fluctuation analysis of the rotational decay spectra [2] . Between 1
MeV and 2 MeV the rotational pattern breaks down in the sense that the E2-decay out of a state of spin I will not go to a unique state, but to a range of final states at spin I − 2.
This behaviour is quite evident from Fig.3, where we display examples of the strength distribution associated with stretched E2 transitions from selected states as a function of the excitation energy, as well as the branching number
where S ij is the fraction of the rotational strength of a level i at a spin I, going to a level j at spin I − 2. This quantity gives an indication of the number of states populated by the decay out of a single state (when all the S ij are equal, it coincides with such number).
Branching number less than 2 marks the region of discrete bands, and Fig.3 indicates a gradual transition between discrete and damped rotation taking place around an energy region of U 0 ≃ 800 keV above yrast. Presence of the discrete rotational bands in the energy region near the yrast is reflected also in the deviation in ∆ 3 from the GOE for the lowest 100 levels displayed in Fig.2 .
We conclude that rotational damping and the associated GOE behavior of the fluctu- this calculation is the same as in Fig.1 . Fig.3 The branching number for decay out of states is shown as a function of the excitation energy above yrast, calculated with the surface delta interaction and averaged within bins 100 keV wide. The inset displays the distribution of rotational strength from two typical levels of the low and high excitation energy.
